Abstract
Introduction
The chemistry of poly alkylamines is of particular interest due to its physiological significance and a wide biochemical, medical and technical applications. The history of the polyamines began in 1678 with the discovery by Leeuwenhoek of the crystallization of spermine from human semen [1] . Polyamines are ubiquitous in nature where play an important role in a cell growth and differentiation [2] [3] [4] . At a physiological pH the naturally occurring polyamines, spermidine (H 2 N(CH 2 ) 3 NH(CH 2 ) 4 NH 2 ), spermine (H 2 N(CH 2 ) 3 NH(CH 2 ) 4 NH(CH 2 ) 3 NH 2 ) and their diamine precursor putrescine (H 2 N(CH 2 ) 4 NH 2 ), are positively charged, and interact with nucleic acids, proteins and phospholipides, affecting their structure and function [5] . For example spermine molecules occupy the small groove in DNA and neutralize two phosphate groups in each strand, thereby stabilizing the double helix by binding its two strands together. Whereas the asymmetrical polyamine, spermidine, is widespread in living organisms, the shorter symme-trical version, norspermidine (H 2 N(CH 2 ) 3 NH(CH 2 ) 3 NH 2 ), is limited mainly to Vibrio species and extreme hyperthermophiles [6] in spite of this norspermidine plays an important role in a biofilm formation and biofilm degradation. Biofilms are multicellular communities of bacteria encased in an extracellular matrix of exopolysachariade, protein and sometime extracellular nucleic acids [7] . It can be formed everywhere; on biotic and abiotic surfaces [8] . Biofilms allow ofpathogens to subvert innate immune defenses what are extremely dangerous in post-antibiotic era. Similarly, biofilms in the pharmaceutical or food industry can contaminate products. Biofilms are very hard to be removed from any environment because they are resistant to antimicrobial agents and to host immune response [9] . Therefore there is a strong necessity to study of a new solution to avoid a risk of biofilm formation in hospitals as well as in pharmaceutical and food industry [7] . Some of new ideas to fight biofilms are based on norspermidine. It has been shown that norspermidine is a strong inhibitor of biofilm formed by Bacillus subtilis NCBI3610, Staphylococcus aureus SC01, Escherichia coli MC4100, Staphylococcus epidermidis. Norspermidine uniquely and directly interacts with exopolysaccharides in biofilms and reduces exopolysaccharides content, which damages biofilm matrix and makes it become loose. A part of bacteria are then released from the EPS matrix and reverted to planktonic cells, which show more sensitivity to silver ion or other microbiocides treatment than biofilm [10] [11] [12].
However, it must be also noted that norspermidine can promote biofilm formation in case of Vibrio cholerae [13] . The ambiwalent character of norspermidine towards inhibition or formation of biofilms is the subject of a vigorous dispute in the literature [6] [7] [14]- [21] .
Lipophilic norspermidine derivatives as antibacterial agents also offer hope as potential solution to the problem of bacterial resistance as the membrane-active nature imparts low propensity for the development of resistance [20] . Phenylalanine conjugated aliphatic norspermidine derivatives, as membrane active antimicrobial agents, displayed improved antibacterial activity compared to nonconjugated aliphatic norspermidine derivatives. Some derivatives with dodecanoyl substituent showed over 250-fold more antimicrobial activity against VRE compared to vancomycin, last resort antibiotic for Gram-positive bacterial infection [20] . These compounds primarily damage bacterial cell membrane and kill the bacteria very quickly, below 15 min. Moreover, bacteria do not develop resistance against them. Hence, these compounds have immense potential to be developed as therapeutic agents in order to tackle multidrug resistant bacterial infection [20] .
Norspermidine and its Pd(II) and Pt(II) polynuclear complexes play also an important role as strong potential antineoplastic agents against breast cancer which is a complex disease that affect statistically one in ten women. The Pd(II) complex was shown to have strong antiproliterative effects, much stronger then that with the Pt(II) complex. Moreover, this complex is characterized as low toxic [5] .
The very high potential of norspermidine derivatives as biofilm inhibitors, anticancer and antimicrobial agents promote us to synthesize new nonionic and cationic alkyl and phthalimide derivatives of norspermidine to study their biological effectiveness to destroy the planctonic forms of bacteria as well as bacteria biofilms.
In this work we report the results of synthetic and spectroscopic (FTIR, 
Materials and Methods

Chemistry
The NMR spectra were measured with a Varian Gemini 300VT spectrometer, operating at 300.07 and 75.4614 MHz for 1 H and 13 C, respectively. Typical conditions for the proton spectra were: pulse width 32˚, acquisition time 5s, FT size 32 K and digital resolution 0.3 Hz per point, and for the carbon spectra pulse width 60˚, FT size 60 K and digital resolution 0.6 Hz per point, the number of scans varied from 1200 to 10,000 per spectrum. The 
Synthesis.
N,N-bis-(phthalimidopropyl)amine (A). A solution of N,N-bis-(3-aminopropyl)amine (20 mL, 0.14 mol) and phthalic anhydride (46 g, 0.31 mol) in 250 mL of acetic acid was refluxed for 1 hour with stirring and evaporated in vacuo [22] [23] [24] . 
Antimicrobial Assay
Antimicrobial activity of the synthesized compounds was evaluated against two species of bacteria: Escherichia coli ATCC 10536 and Staphylococcus aureus ATCC 6538, and two species of fungi: Candida albicans ATCC 10231, and Aspergillus niger ATCC 16401. Minimal inhibitory concentrations (MIC) were measured by a tube standard 2-fold dilution method, i.e. the volume of the original solution is always doubled, as in going from 1 to 2. Bacteria were preincubated on Tripticase Soy Broth (TSB) slant for 1 day at 37˚C and fungi were preincubated on Malt Extract Broth (MEB); A.niger for 5 days at 28˚C, C. albicans for 1 day at 37˚C. Conidia suspensions were prepared by adding sterile water containing 0.1% (w/w) Tween 80 to the slant. The bacteria and yeasts cell suspension were prepared by similar procedure but without Tween 80. One mL of inoculum (density 10 6 cells mL −1 ) was mixed with 1 mL of media containing the tested compounds and incubated for 24 h at 30˚C for fungi, and 37˚C for bacteria. The MIC's were defined as the lowest concentrations of the compounds at which there was no visible growth.
Results and Discussion
Chemistry
The synthetic routes providing to norspermidine derivatives (A-G) are presented on Scheme 1. The reactions were carried out in polar, protic solvents.
The reaction time depends on the length of the alkyl chain; the longer chain the longer reaction time. To get the highest yields reaction time and temperature were optimized. The synthetic procedures to obtain new norspermidine derivatives are similar to some extent to those given in the literaure [25] . A variety of polyamines have also been synthesized from their corresponding amino alcohols through a 3-step process. The synthesis predicates that the most likely impurities are of higher molecular weight and that distillation is effective at producing highly pure materials. This sequence is scalable, requires no protecting groups or chromatography, and provides the requisite polyamines in moderate to good yields [26] .
N,N-bis-(phthalimidopropyl)amine (A) was prepared by refluxing commercially available N,N-bis-(-3-aminopropyl)amine and phthalic anhydride in acetic acid [22] with an appropriate alkyl iodides were exploited using two methods. In Method I methanol as a solvent was used whereas no solvent was used in Method II.
Yields of reactions were high, regardless of the synthetic method. However, the reaction time strongly depends on the length of alkyl iodide used. This is due to the fact that in quaternized amines there are no free electrons on nitrogen atom, while for hydrochlorides there is only hydrogen bonded ion pair where nitrogen atom is protonated to some extent depending on the conditions.
Aromatic protons of phthalimide moiety of N,N-bis-(phthalimidoprop-yl)-N-alkylamines (B), hydrochlorides of N,N-bis-(phthalimidopropyl)-N-alkylamines (D) and N,N-bis-(phthalimidopropyl)-N,N-dialkylammonium iodides (F)
give a multiplet of AA'XX' type in 1 H NMR (Chart 6). The shape and chemical shift of this multiplet strongly depends on temperature. Barret et al. [31] and Howell et al. [32] showed that this multiplet can coalesce with a rising temperature giving even a singlet, and then go again to dublet Table S7 and Table S9 (Table S10, Table S11,   Table S13 and Table S14 in the Supplementary material).
Chart 7. COSY spectrum of N,N-bis-(3-aminopropyl)-N-dodecyl-N-propylammonium iodide (G7).
The chemical shifts of carbonyl and aromatic carbons are nearly insensitive on protonation or quaternization of tertiary nitrogen atom in molecule. They are also do not reflect the changes of the lengths of alkyl substituent (Table S10,   Table S11 and Table S14 in the Supplementary material). 13 C NMR spectra of alkyl derivatives of norspermidine, i.e. N,N-bis-(3-aminopropyl)-N-alkylamines (E) and N,N-bis-(3-aminopropyl)-N,N-dialkylammonium iodides (G) exhibit only aliphatic carbon atoms peaks in the range from 11 to 62 ppm (Table S12 and Table S14 
Antimicrobial Activity
Some of norspermidine derivatives, especially those containing quaternary nitrogen atoms and long alkyl chain can act as microbiocides, i.e. compounds which can reduce the microbial population to safe level. To microbiocides belong phenols and their derivatives, organic and inorganic halogen compounds, oxidizing substances, quaternary ammonium compounds, alcohols, aldehydes and organic and inorganic acids [35] - [40] . One of the most important group of microbiocides are quaternary ammonium compounds (QAC) because of their wide spectrum of biocidal activity, the safety of application and low costs. This group includes, among the others, alkylbenzyldimethylammonium chlorides, tetraalkylammonium chlorides, dialkyldimethylammonium iodides and gemini surfactants [35] - [45] . The mechanism of action of ammonium salts is related to the adsorption of the compound on the negatively charged cell wall, and the perforation following the discharge of low molecular weight intracellular components and also involves the reaction of enzymes and nucleoprotein systems, which ultimately leads to the death of microorganism cell. The highest antimicrobial activity is observed for quaternary ammonium compounds (QAC) with alkyl chain containing 10 -14 carbon atoms what is due to the ability to penetrate cell wall [35] . The main drawback of the use of quaternary ammonium salts is the ability of microorganisms to adapt to these compounds after a long time of the use of these compounds as microbiocides. One of the way to avoid this problem is a periodic change of the structure of quaternary ammonium compounds.
In our preliminary studies we found that polyamines, such as N,N-bis-(3-aminopropyl)-N-dodecylamine, exhibit a very good biocidal activity [46] . It has method as it has been described previously [45] . Minimal inhibitory concentrations (MIC) of investigated norspermidine derivatives are given in Table 2 .
The data in Table 2 (Table 2) . However, the norspermidine derivative with two dodecyl alkyl chain (G14) is much more effective then (G7). MIC values for compound with two dodecyl alkyl chains (G14) decrease to 3.2 μM and 2.6 μM for C. albicans and A. niger, respectively.Relative antimicrobial activity of N,N-bis-(3-aminopropyl)-N,N-dialkylammonium iodides (G3, G7, G14) against bacteria and fungi are given in Table 3 .
The lengthening of one alkyl chain to twelve carbon atoms causes an increase of anitibacterial activity several dozens. Similarly the extending of both alkyl chains to twelve methylene groups effectively enhances antifungal activity of norspermidine derivatives. The above results confirm the strong relationship Table 2 . Antimicrobial properties (MIC) of selected N,N-bis-(3-aminopropyl)-N,Ndialkyl-ammonium iodides (G3, G7, G14). 
Conclusion
A series of new norspermidine derivatives were obtained with good yields. All Table S1 . Carbonyl range in FTIR for N,N-bis-(phthalimidopropyl)amine (A), N,N-bis-(phthalimidopropyl)-N-alkylamines (B1-B11) and for N,N,N-tris-(phthalimidopropyl) amine (B12). Table S5 . Chemical shifts (δ, ppm) of protons in Table S13 . Chemical shifts (δ,ppm) of carbon atoms in Submit or recommend next manuscript to SCIRP and we will provide best service for you:
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